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A protocol for establishing standard instrument conditions for measurement of product ion 
MS/MS spectra from parent ions produced by electron ionization is presented. Within this 
protocol, the ion at m/z 231 (C,Fg) from perfluorokerosene or perfluorotributylamine is 
selected as the parent ion and subjected to collision-induced dissociation. The reIative 
intensities of product ions at m/z 69, 131, and 181 are monitored as a function of collision 
energy while keeping the target gas pressure constant within the range of 10-4-10-6 torr 
(measured), or a beam attenuation of approximately 30-70%. The collision energy at which 
the ion intensities for product ions at m/z 69 and 181 are equal is defined as the calibration 
point at that collision gas pressure; the intensity of the ion at m/z 131 is very close to this 
value as well. Electron ionization MS/MS spectra taken at the calibration point using two 
different multiquadrupole instruments show good reproducibility for several test com- 
pounds. The high degree of similarity may aid in the establishment of a MS/MS spectral 
library. (1 Am Sot Mass Spectrom 1994, 5, 576-582) 
T andem mass spectrometry (MS/MS) experi- ments can be performed on multisector, multi- quadrupole, or hybrid instruments of different 
geometries. The latter two instruments use a radio- 
frequency (r&only quadrupole as the collision cell. 
Collision-induced dissociation (CID) within triple 
quadrupole (QqQ) or hybrid (EBqQ or BEqQ) 
sector/quadrupole instruments usually involves low 
collision energies (lo-100 eV), multiple collisions with 
the target gas, and extended ion residence times (up to 
several microseconds) in the dissociation region. A 
parent ion selected by the first quadrupole (Q) or 
sectors (EB or BE) interacts with a collision gas in the 
rf-only quadrupole collision cell (q). The product ions 
and undissociated parent ions pass into the final 
quadrupole (Q) for mass analysis. The instrument thus 
produces a CID mass spectrum of each initially se- 
lected parent ion. 
In principle, standard CID MS/MS spectra could be 
generated, collected, and stored in reference libraries. 
These reference spectra could later be used for compar- 
ison with MS/MS spectra measured for unknown 
compounds in a manner analogous to the use of refer- 
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ence libraries of electron ionization (EI) mass spectra. 
Further, it should be possible to infer the identity of an 
unknown complex molecule by identifying the ionic 
substructures of fragment ions generated in its CID 
mass spectrum. However, to date, reference libraries of 
CID-tandem mass have not been collected because of a 
lack of standardization of operating conditions of dif- 
ferent instruments. One notes specifically that this lack 
of standardization has not prevented the widespread 
use of quadrupole-based MS/MS for quantitative anal- 
ysis, for ion structural determinations, and indeed for 
the measurement of fundamental thermochemical 
properties for a number of different systems. 
Some means to acquire instrument-independent 
MS/MS spectra are a prerequisite for development of 
a common database similar to those available for EI 
mass spectra. However, there are several instrument 
parameters that can cause significantly different 
MS/MS product ion spectra to be observed for any 
given molecule. The key adjustable parameters are: (1) 
the number of collisions undergone by a parent ion 
within the second (rf-only) quadrupole, a parameter 
usually characterized in terms of the pressure of the 
collision gas, and (2) the energetic parameter describ- 
ing the interaction between the parent ion and the 
collision gas, which is determined by the collision 
energy for parent ions entering the collision 
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quadrupole. Other parameters can affect the measured 
MS/MS spectrum, but these are not usually manipu- 
lated in the experiment. 
A 1982 collaborative study organized by Dawson 
and Sun [l] addressed the issue of MS/MS spectral 
reproducibility. The high level of interest provided the 
impetus for a round-robin test for spectral comparison 
of a few selected compounds to assess reproducibility 
and comparability of spectra generated on different 
multiquadrupole instruments. Very different MS/MS 
spectra were observed in various laboratories for n- 
butylbenzene and protonated dimethylphthalate, the 
chosen model compounds. Assessment of the data 
emphasized that the reproducibility of MS/MS spectra 
depends on a number of instrumental factors, includ- 
ing collision gas pressure, collision energy, and rf 
tuning [2]. Moderately good agreement between vari- 
ous sets of data could be obtained, but it was also 
observed that instrument parameters (collision energy 
or collision cell pressure), as recorded from the instru- 
ment readouts, were not sufficiently reproducible to 
specify library-quality operating conditions for low 
collision energy MS/MS spectral measurement 121. 
In a carefully constructed series of experiments, 
Martinez and Dheandhanoo [3, 41 have emphasized 
that the creation of MS/MS spectral libraries is contin- 
gent upon the development of instrument-independent 
operating conditions for the data collection. Several 
protocols [5-A have been suggested for measurement 
of instrument-independent MS/MS spectra in 
quadrupole collision cells, including procedures based 
on the charge exchange reaction of argon, or the CID of 
the acetone cation. However, some of these suggested 
protocols can involve instrument parameters far re- 
moved from those relevant to day-to-day operation. In 
that evaluations of instrument performance can also 
involve disabling of automated instrument control 
functions, there is also some reluctance to incorporate 
these into a daily operating protocol. Mirocha and 
Pawlosky [8] have suggested that standard MS/MS 
conditions may be achieved based upon CID of the 
tetramethylsilane derivative of zearalenone; results of 
this collaborative work were presented at a recent 
American Society for Mass Spectrometry conference. 
The operation of an rf-only quadrupole for CID 
MS/MS experiments is far more complex than gener- 
ally realized. Transmission of parent ions into the 
region, and transmission of product ions out of the 
rf-only quadrupole into the final mass analyzing 
quadrupole, both exhibit dependence on the ion ki- 
netic energy established by the quadrupole potential 
float values relative to the potential of the ion source. 
Certainly, the physical size and shape of the 
quadrupole rods themselves, as well as the frequency 
and amplitude of the rf power applied to them, Influ- 
ence ion transmission through the rf-only quadrupole 
region. Energy-resolved hJS/MS experiments involve 
monitoring changes in product ion abundance as the 
collision energy of the parent ion is varied by change 
of the rf-only quadrupole voltage offset. Substantial 
changes in spectral appearance can be observed, and 
often the changes in product ion intensity follow ex- 
pected variations in ratios of the products of simple 
cleavages versus those derived from rearrangements 
[9, lo]. However, the existence of nodes in ion trans- 
mission through rf-only quadrupoles for both parent 
and product ions can also cause variation in observed 
ion intensity with changes in collision energy; these 
changes can be substantial [ll-161. It is for all these 
reasons that a carefully designed instrument-indepen- 
dent operation procedure was first suggested, and why 
it is the ultimate goal in instrument calibration. 
Simple methods are presented here for establishing 
standard instrument conditions for measurement of 
product ion MS/MS spectra in multipole collision cells 
using EI. It is not suggested that the rigor of this 
method matches that of more involved procedures, but 
we suggest that this approach might be made part of a 
daily instrument tuning process, especially since the 
protocol involves the mass calibration compounds that 
are already readily available. The degree of similarity 
of MS/MS spectra obtained under these standard con- 
ditions was established by measurement of mass spec- 
tra of a randomly selected group of organic com- 
pounds on separate instruments in different laborato- 
ries. The ability to reach the calibration point condi- 
tions was established over a course of several years 
with several instrument operators. Despite differences 
in physical construction and in electronic operating 
parameters of the instruments, this work has deter- 
mined that a fairly high level of spectral similarity can 
be expected when different instruments use the same 
calibration conditions. 
Experimental 
Two multiquadrupole mass spectrometers were tuned 
to a standard set of MS/MS conditions using the 
calibration point described below, and product ion 
MS/MS spectra were recorded for several different 
compounds under these standard conditions. A 
VG70SEQ (Manchester, UK) hybrid mass spectrometer 
of EBqQ geometry (q is the collision quadrupole and Q 
is the final mass-analyzing quadrupolel with standard 
EI, chemical ionization, and fast-atom bombardment 
ionization sources was used to measure MS/MS spec- 
tra in one laboratory. The EI conditions were 70-eV 
electron energy and a trap current of 100 WA. The 
instrument was operated at a resolution of approxi- 
mately 1500 (10% valley definition). At this laboratory, 
perfluorokerosene (PFK) was introduced into the 
source from the reservoir inlet system. Air was used as 
the collision gas in the hybrid instrument for MS/MS 
experiments. Indicated pressures on the ionization 
gauge nearest to the collision ceil were in the range of 
10 -5-10P 6 torr. The actual collision gas pressure within 
the cell is certainly higher, and can be estimated [ 17, 
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181 as a few millitorr. Since the calibration point is 
defined through variation of the collision energy, as 
described shortly, the common inability to accurately 
measure collision gas pressure is not pertinent here. 
The rf amplitude was not retuned between experi- 
ments, nor was any stipulation placed on rf amplitude 
from instrument to instrument. The hybrid instrument 
was set up initially by tuning the rf-only collision cell 
to a maximum transmission node for the precursor ion 
at m/z 231 from PFK 1191. The tuning parameters 
a 
remained here for the rest of the study. In measure- 
ment of MS/MS spectra at different collision energies, 
the system was set to the low collision energy, and the 
collision gas pressure increased until a parent ion 
beam attenuation of about 60% was reached. The colli- 
sion energy was increased until the intensities of the 
ion beams at m/z 69 and m/z 181 were equal, and 
this was designated as the calibration point. The cali- 
bration point is therefore based empirically on the 
measurement of equal intensities for the two specified 
ions. At any specified tuning of the instrument, both 
(1) collision energy and (2) collision gas pressure are 
factored into target thickness, which then determines 
the (3) intensities of ions in the MS/MS spectrum. 
Specification of any two parameters determines the 
third. The first variable that is specified is the require- 
ment of equal ion intensity. The second variable is the 
collision energy, easily accessed and accurately mea- 
sured, which is then varied at any constant gas pres- 
sure to reach the point of equal ion intensities for the 
ions at m/z 69 and m/z 181. The collision gas pres- 
sure must be stable, but is not an independent vari- 
able, and need not be accurately measured or speci- 
fied. Selection of equal product ion intensities at a 
specified collision energy was chosen as a more direct 
route to a calibration point than specification of a 
parent ion beam attenuation. This latter value also 
reflects many processes (ion transmission, scattering, 
neutralization) separate in focus from the creation of 
CID products. 
A Finnigan MAT TSQ-700 (San Jose, CA) “triple 
quadrupole” mass spectrometer was used at the sec- 
ond laboratory. This instrument is equipped with an 
octapole collision cell; since these collision cells do not 
exhibit transmission nodes as do the quadrupolar cells, 
the comparison presented in this paper is particularly 
0 
-I -, ‘, 
I I 1 I 
20 40 60 80 100 120 
Collision energy (eV) 
Figure 1. Variation of calibration point with collision gas pres- 
sure at three pressures (3.75 X 1O-6 torr (a), 7.5 x 10m6 torr (b), Collision energy [eV) 
and 3.75 X 10m5 ton (c)) across the collision energy range of Figure 2. Calibration point plot determined for the Finnigan 
interest. The x axis is collision energy in volts. Data were recorded triple quadrupole MS/MS instrument with PlTBA as the sam- 
on the hybrid geometry MS/MS instrument with I’FK as the pk. The x axis is collision energy in volts. Pressure indicated for 
SSlllpk. the collision cell by the thermocouple is about 1 x lo-” ton. 
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convincing. The EI source was operated under stan- 
dard conditions of 7O-eV electron energy and ~OO-JLA 
emission current. Perfluorotributylamine 0TIBA) was 
used here for both mass and EI-MS/MS calibration, 
and was leaked into the source until a stable and 
intense ion current for the ion at m/z 231 is attained. 
The collision gas (air) in the If-only octapole was 
introduced to a pressure of around 1 mtorr as mea- 
sured on a thermocouple gauge. The standard MS/MS 
operation point was then achieved through variance of 
the collision energy as described below. Samples ana- 
lyzed in common at the two laboratories were ob- 
tained commercially, and divided from a common lot. 
The selection of model compounds was made at ran- 
dom from a selection of organic compounds of differ- 
ent classes available in the laboratory. This random 
selection was made to provide a realistic assessment of 
the quality of the general agreement that could be 
expected from laboratory to laboratory. 
Results and Discussion 
PFK and PFTBA are in common use as a mass calibra- 
tion compound and are easily introduced into stan- 
dard ionization sources. A high intensity, stable ion 
current was obtained for the ion at m/z 231 (Cc,F,+), 
which was then selected as the parent ion and sub- 
jected to CID. Product ions at m/t 181, 131, and 69 
were obtained by losses of CF,, C,F,, and C,F,, re- 
spectively, from the parent ion. The relative intensities 
of the product ions at m/z 69, 131, and 181 were 
monitored as a function of collision energy while keep- 
100 a 
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i 69 I 
Figure 3. MS/MS spectra of the parent ion at m/z 231 using (a) 
a Finn&an MAT TSQ70 triple quadrupole mass spectrometer 
@FIBA) and (b) a VG 7OSEQ hybrid geometry instrument (PFK) 
at the calibration wint conditions. 
F&UP 4. C0qn-1~ ,of .MS/.MS spe@um obtained at calibra- 
tion pait of s~xazole; parent ion m/z = 267. The MS/MS 
spectrum from the triple quadruple mass spectrometer is given 
in (a), and that from the hybrid g~metry in&run ent in (b). - _._. 
Umriation (defined within manuscript) = 8.4%. 
ing the target gas pressure constant within the approx- 
imate range of 10-5-10-6 torr (measured on the hy- 
brid instrument), corresponding to a beam attenuation 
of about 60%. The collision energy at which the inten- 
sities of the ions at m/z 69 and 181 are equal is defi& 
as the calibration point at that collision gas pressure. 
The intensity of the product ion at m/z 131 is approxi- 
mately the same as that of the other ions at this 
calibration point. 
Plots showing the relative intensities of the three 
product ions at m/z 69, 131, and 181 at three different 
indicated target gas pressures are given in Figure 1 for 
data obtained on the hybrid mass spectrometer. It can 
be seen that the lab collision energy at which the 
specified product ion intensities become equal in- 
creases with a decrease in collision gas pressure. On a 
day-to-day basis on the hybrid instrument, with the 
same indicated collision gas pressure, the reproducibil- 
ity of the observed collision energy value at the cali- 
bration point was *l-2 eV. Figure 2 is the calibration 
point plot for the “triple quadrupole” mass spectrome 
ter, and shows that the intensities of the ions at m/z 
181, 131, and 69 are very nearly equal at the indicated 
collision energy and pressure. Figure 3 compares the 
discrete product ion MS/MS spectrum of the ion at 
m/z 231 using the two instruments (the hybrid and 
the triple quadrupole instrument) under calibration 
100 140 180 220 260 
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point conditions. A collision energy of about 50 eV (lab 
frame) and a measured collision gas pressure of about 
10P5 torr (measured indirectly by an ion gauge outside 
the collision cell on the hybrid mass spectrometer), or 1 
mtorr (as measured on the triple quadrupole mass 
spectrometer), provides operating conditions near the 
defined calibration point. Fine tuning (l-eV incre- 
ments) of the collision energy is used to reach the 
defined calibration point. With an increase in collision 
energy, the relative intensities of higher mass frag- 
ments generally decrease while those of lower mass 
ions increase. Accordingly, as shown in Figure 1, it can 
be seen that the intensity of m/z 69 increases and the 
intensity of ti/z 181 decreases with an increase in 
collision energy at any particular collision gas pres- 
sure. The other fragment ions in the MS/MS spectrum 
(fragment ions at m/z 93 and 163) are of much lower 
relative intensity, and do not exceed relative intensities 
of 20% for collision energies near the calibration value. 
We have been repeatedly able to reach conditions in 
which the product ion EI MS/MS spectrum of the 
parent ion at m/z 231 from PFK or PFTBA is highly 
reproducible. The general test of usefulness is whether 
the product ion MS/MS spectra of various com- 
pounds, measured at the calibration point, also exhibit 
good reproducibility when different multiquadrupole 
instruments are used. We compared product ion EI 
MS/MS spectra from molecular ions of several differ- 
1003 B 120 COOH 
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138 COOCH3 
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Aspirin 
92 I i 
Ml2 100 160 180 
Figure 5. Comparison of MS/MS spectrum of aspirin; parent 
ion m/z = 180. The MS/MS spectrum from the triple quadrupole 
mass spectrometer is given in (a), and that from the hybrid 
geometry instrument in (b). Deviation (defined within 
manuscript) = 15.0%. 
ent classes of compounds using a hybrid mass spec- 
trometer and a triple quadrupole instrument. These 
comparisons are highlighted in Figures 4-8 for test 
compounds sulfisoxazole, aspirin, nicotine, caffeine, 
and the dye a&dine orange, respectively. The hybrid 
instrument MS/MS data shown in Figures 4-8 were 
measured under conditions shown in Figure lb. 
Direct comparison of the product ion MS/MS spec- 
trum on a compound-by-compound basis is the best 
way to assess the reproducibility of the spectra; Fig- 
ures 4-8 provide a visual comparison. In general, the 
fragment ion abundances were similar for each instru- 
ment. A quantitative comparison examined the relative 
intensities for the most abundant fragment ions within 
the MS/MS spectrum. The fractional intensity contri- 
bution of each ion (intensity of that fragment ion 
divided by the sum of all fragment ion intensities) was 
calculated for each MS/MS spectrum. The relative 
percent difference between the measured intensities 
was calculated as I(Int, - Int,)l/ [(Int, + Int,)/2] X 
100% for each ion, and then these differences were 
averaged for the number of fragment ions in the 
MS/MS spectrum to generate a percent difference. 
This approach is used to gauge, in general, the ex- 
a 
84 
I 
r77 P 
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:, 92 11s 
133 162 
133 162 
1 66 192 116 
0; M .L Jj A _ ,h ,,I 
huz 
66 120 160 
Figure 6. Comparison of MS/MS spectrum of nicotine; parent 
ion m/z = 162. The MS/MS spechum from the triple quadrupole 
mass spectrometer is given in (a), and that from the hybrid 
geometry instrument in (b). Deviation (defined within 
manuscript) = 38.2%. 
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Figure 7. Comparison of MS/MS spedrum of caffeine; parent 
ion m/z = 194. The MS/MS spectrum from the triple quadrupole 
maas spectrometer is given in (a), and that from the hybrid 
geometry instrument in (b). Deviation (defined within 
manuscript) = 25.4%. 
petted range in intensity variations. The range of + 
intensity variation is from 8.4% for sulfisoxazole to 
38.2% for nicotine (high because of the relatively weak 
signals for most fragment ions), with an average dif- 
ference percentage of 21%. Sulfisoxazole was used as a 
test case to examine the changes in the product ion 
MS/MS spectra using different calibration points (see 
Figure 1). Using the same equation shown above to 
evaluate intensity variations, the variation for the 
product ions derived from sulfisoxazole from condi- 
tions lb to lc was 20%. 
The ability to compare data repeatedly measured 
under standard conditions allows subtle trends in the 
spectra to be identified. Although the product ion 
MS/MS spectra were overall very similar, there were 
slight systematic variations. The relative intensities of 
the parent ions in the MS/MS spectra taken by the 
triple quadrupole instrument are generally slightly 
lower than on the hybrid instnunent. Indeed, for ideal 
compounds chosen to illustrate instrument-to-jnstru- 
ment reproducibility, a small change in either direction 
from the calibration point collision energy significantly 
changes the relative abundances of product ions; this 
high, dependence is exactly what is desirable in a 
calibration measurement. We also note that a collision 
energy range of 50-60 eV (lab frame) provides better 
100 a 
3 
Awldine orange 
207 f’ I 1 
265 
: 100, b ._ 
= 1 
265 
M/z 180 200 220 240 260 
Figure 8. Comparison of MS/MS spectrum of a&dine orange; 
parent ion m/z = 265. The MS/MS spectrum from the triple 
quadrupole mass spectrometer is given in (a), and that from the 
hybrid geometry instrument in (b). Deviation (defined within 
manuscript) = 19.6%. 
reproducibility than do the lower collision energy val- 
ues obtained at the calibration point for higher colli- 
sion gas pressures, which are harder to stabilize. As 
expected, small variations in MS/MS spectra may be 
minimized during an MS/MS experiment by checking 
the calibration point at regular intervals. 
Conclusions 
In this work, a simple procedure for obtaining reprc+ 
ducible MS/MS spectra using EI is described using 
ions from PFK or PFTBA and easily attainable instru- 
ment conditions. EI MS/MS spectra taken at the cali- 
bration point using two different instruments show a 
high degree of similarity for several test compounds. 
This reproducibility should be sufficient for creation of 
a common MS/MS database. There is no expectation 
or claim that the standard conditions used at the cali- 
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bration point are ideal for inducing structurally infor- 
mative dissociation for all classes of compounds, or 
that the reproducibiiity of the product ion MS/MS 
spectra is the equal of that derived from more in- 
volved procedures. However, these readily accessible 
conditions should provide impetus for further instru- 
ment-to-instrument comparisons of MS/MS spectra. 
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